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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the magnitude of the chromium metal organization which it is the slide member which comes to cover the 
coat which has the complex tissue which uses a chromium metal and nitriding chromium as a principal component on a 
base material, and is dotted in said coat — 0.2 micrometers from — 5 micrometers Slide member characterized by being 
magnitude. 

[Claim 2] The slide member characterized by the rate of surface ratio occupied to the whole coat of a chromium metal 
organization with which it is dotted in the slide member which comes to cover the compound coat of the nitriding 
chromium with which it is dotted with a chromium metal organization being 1 - 20%. 

[Claim 3] The slide member characterized by the nitriding chromium organization in a coat consisting of chemical 

composition which is CrN or Cr2N, and its mixing in a slide member given in any 1 term of claims 1 and 3. 

[Claim 4] The slide member characterized by the substrate layer which becomes claims 1-4 from chromium between 

said coats and said base materials in the slide member of a publication intervening. 

[Claim 5] A slide member given in claim 1 whose slide member is the piston ring thru/or any 1 term of 4. 

[Claim 6] The manufacture approach of the slide member characterized by forming by contacting the gaseous phase and 

base material which mixed chromium and nitrogen by said coat PVD in the slide member of five given in any 1 term 

from claim 1. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the slide member excellent in the abrasion resistance and the 
antiseizure property which have the nitriding chromium system coat which becomes considering CrN and Cr2N as a 
principal component, and its manufacture approach. 
[0002] 

[Description of the Prior Art] For example, the moving part which formed the coat excellent in the sliding property by 
surface treatment is used for the sliding sections, such as engine components of an automobile, and various machine 
parts. There are approaches, such as nitriding treatment, chrome plating processing, and molybdenum thermal-spraying 
processing, among the surface-preparation approaches currently performed conventionally. However, a more advanced 
sliding property came to be required of components, in the conventional surface treatment, the case where it could not 
respond arose and a coat which has further excellent abrasion resistance and an antiseizure property was desired as the 
service condition of a moving part became cruel in recent years, such a request — receiving — recently — PVD (Physical 
Vapor Deposition) ~ covering coats, such as metal nitride metallurgy group carbide, with law to the sliding surface of a 
slide member is proposed. PVD coats, such as TiN, TiC, and CrN, have the outstanding abrasion resistance and the 
outstanding antiseizure property, attract attention as a coat which can put titanium nitride, nitriding chromium, etc. in 
practical use especially, and are used with some of machine parts and engine components. However, in current, even if a 
service condition becomes still crueller and it uses these titanium nitrides and nitriding chromium, the situation which 
cannot be said to be enough [ a sliding property ] has arisen. Especially in addition to sliding movement, the vibrational 
motion of the direction of a normal multiplies to a sliding surface, chip-like exfoliation occurs in hard anodic oxidation 
coatings including the nitriding chromium coat by ion plating under a service condition with sliding conditions severe 
when that the contact surface separates arises, or when changing the load of the direction of a normal in sliding 
movement, and the life of a slide member may be shortened. Moreover, when service temperature is high or the 
lubricating oil film is [ a contact load is large and ] hard to be formed in a sliding part, chip-like exfoliation of the same 
hard anodic oxidation coatings is observed also under a service condition with severe lubrication conditions. Then, a 
slide member which covered the ceramic coating coat which excelled the present surface-preparation coat in chip-proof 
nature and peeling resistance is desired. 
[0003] 

[Problem(s) to be Solved by the Invention] This invention was not made based on the above viewpoint, and neither a 
chip nor exfoliation occurs also under a severe service condition, but it aims at offering the slide member which covered 
the chromium nitride coat which has sufficient antiseizure property for coincidence, and abrasion resistance, and its 
manufacture approach. 
[0004] 

[Means for Solving the Problem] As a result of research, wholeheartedly that the above-mentioned problem should be 
solved this invention person The gaseous phase which mixed chromium and nitrogen by PVD is contacted to a base 
material. Use CrN and Cr2N as a principal component on the front face of a base material, and a chromium metal 
organization makes the compound coat with which it is dotted in a coat form. It is 0.2-5 micrometers about the 
magnitude of the chromium metal organization dotted in that case. When the rate of area of a chromium metal 
organization adjusted to 1 - 20%, a header and this invention were completed for the slide member which is excellent in 
abrasion resistance and an antiseizure property, and chip-like exfoliation cannot generate further easily being obtained. 
That is, the slide member of this invention uses CrN and Cr2N as a principal component, and a chromium metal 
organization makes the nitriding chromium compound coat with which it is dotted in a coat form, and it is characterized 
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by limiting the magnitude of the chro^fm metal organization dotted in that case, and the rate of area of a chromium 
metal organization. Since it is dotted with the elastic chromium metal organization in a nitriding chromium coat at 
homogeneity, the coat in the slide member of this invention is excellent in toughness compared with the coat which 
consists only of nitriding chromium which is a high degree of hardness. Therefore, neither a chip nor exfoliation can 
generate this member easily. 

[0Q05] In order that a chromium metal organization may form the coat with which it is dotted during a nitriding 
chromium organization, the ion plating method equipped with two or more chromium metal evaporation sources is used. 
By adjusting so that a reactant gas partial pressure and the distance of each chromium metal evaporation source and 
processed material may be differed, the reaction rate of evaporation chromium and reactant gas is controlled, and the 
target coat is formed. It is possible by adjusting the distance and the arc current ratio of the reaction nitrogen partial 
pressure of gas, a chromium metal evaporation source, and a processed material the amount of the chromium metal 
organization in a coat and magnitude, and to adjust the presentation of nitriding chromium suitably further. The 
magnitude of a chromium metal organization is 0.2-5 micrometers. The rate of area is limited to 1 - 20% of range. The 
magnitude of a chromium metal organization is 0.2 micrometers. At 1% or less, the effectiveness of a chromium metal 
organization does not have a remarkable rate of area the following, and improvement in a chip-proof and peeling 
resistance is not found. Moreover, the magnitude of a chromium metal organization is 5 micrometers. Above, a 
chromium metal organization exposes on a front face locally, and scuff-proof nature falls compared with nitriding 
chromium simple tissue. On the other hand, coating hardness falls [ the rate of area ] at 20% or more, and scuff-proof 
nature and abrasion resistance deteriorate as compared with nitriding chromium simple tissue, the thickness of the whole 
coat — 1-80 micrometers it is — things are desirable, especially ~ desirable — 20-60 micrometers it is . The thickness of 
a coat is 1 micrometer. When it is the following, the life of a coat is short by wear. On the other hand, the thickness of 
the whole coat is 60 micrometers. When exceeding, a coat exfoliates, or a crack arises in a coat, and the adhesion force 
with a base material declines. Moreover, it is not desirable on economy to thicken a coat beyond the need. The base 
material covered with a coat is suitably chosen by the application from an iron system ingredient, an aluminum system 
ingredient, and a titanium system ingredient, the PVD explained in detail below - CVD (Chemical Vapor Deposition) - 
although it is similar to low temperature treatment compared with law etc., since it is not avoided, if it can do, it is 
desirable [ the heat input by the vacuum evaporationo phenomenon ] to use the existing heat-resistant iron system 
ingredient and heat-resistant titanium ingredient as a base material. 

[0006] Although the above is the approach of making the nitriding chromium coat dotted with a chromium metal 
organization forming in a base material, the bottom stratum of a metal may be made to intervene between a coat and a 
base material in this invention. If ion plating is performed before in process [ of the coat formation in **** ], and 
installation of nitrogen gas, the substrate layer of a chromium metal will be formed in a base material. Since coefficient 
of thermal expansion cannot receive effect of near and thermal stress in a base material easily, the substrate layer of this 
chromium metal has good adhesion, and it is rich in flexibility. The substrate layer of a chromium metal is 0.1-2 
micrometers. Forming in thickness is desirable. 0.1 micrometers In the following, the effectiveness of the improvement 
in adhesion is thin, and it is 2 micrometers. Even if it exceeds, effectiveness beyond it cannot be acquired, and an 
economy top is not desirable, either. Thus, forming the substrate layer which is rich in adhesion and flexibility between 
a coat and a base material has effectiveness in exfoliation prevention of a coat. 
[0007] 

[Embodiment of the Invention] 

[Example] Below, a concrete example explains this invention further at a detail. In this invention, the gaseous phase and 
base material which mixed chromium and nitrogen by PVD are contacted. PVD is a kind of the technique which forms a 
coat and can be fundamentally classified into three law of vacuum evaporationo, sputtering, and ion plating. The 
reactant ion plating method make the steam of chromium react with nitrogen and make the coat of nitriding chromium 
deposit on a base material in this invention especially is the most desirable. A chromium steam is obtained by irradiating 
chromium and evaporating high energy beams, such as a HCD gun and an electron beam. Moreover, a chromium steam 
may be obtained by making a chromium particle elutriate of cathode like the cathode arc-plasma type ion plating 
method and the sputtering method. If the plasma is generated in the gaseous phase which mixed nitrogen with the 
chromium steam, it will ionize, and will combine with nitriding ion and chromium will generate nitriding chromium. 
Consequently, the coat of nitriding chromium is formed in a base material front face. Although explained taking the 
case of the ion plating method below, this invention is not limited to this. 

[0008] An example of the ion plating system used for this invention at drawin g 1 is shown. This equipment is equipped 
with the vacuum housing 24 which has the reaction nitrogen gas inlet 22 and an exhaust port 23, and the first target 26 
connected to the cathode of the arc power source 25 into the vacuum housing 24 and the second target 28 connected to 
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the cathode of the arc power source 21Wt arranged. The chromium metal is set to the first and the second target. The 
distance from a processed material differs and the first target and the second target are installed. Furthermore, in a 
t % vacuum housing 24, the rotary table 30 connected to bias power supply 29 is arranged, and the processed material 3 1 is 
.' •installed on the table. Next, how to form this invention coat in a processed material 31 is explained using this ion plating 
• system. First, a processed material 3 1 is washed and the dirt adhering to a front face is taken, and after defecating 
' enough and inserting into the vacuum housing 24 of an ion plating system, it exhausts from an exhaust port 23. After 
performing vacuum suction until container internal pressure is set to 1.3x10-3 to 5x10 to 3 Pa, it heats at the heater built 
' in the ion plating system, and the immanency gas of a base material is made to emit. As for heating temperature, it is 
desirable to consider as 300-500 degrees C. When chamber internal pressure is set to 4x10 - 3 or less Pa, arc discharge 
is generated on the front face by using as cathode the chromium which is a target, and chromium is made to jump out. 
Under the present circumstances, bias voltage is impressed to the processed material 31, and the approach of jumping 
out from cathode and making a metal ion colliding with a substrate front face with high energy the bottom, and the so- 
called bombardment cleaning perform the oxide removal and activation on the front face of a base material. As for the 
bias voltage at that time, being referred to as -700-900V is desirable. Reducing bias voltage after that and making 
chromium ion deposit on a base material front face, nitrogen gas is introduced in a container, the inside of the plasma is 
passed, and nitrogen is ionized. Under the present circumstances, a nitrogen partial pressure is set to about 1.3x10-1- 
13.3Pa, bias voltage is impressed 0—1 00V, and an ion plating coat is made to form in a base material front face. Since it 
is low and the time amount which passes through the inside of the plasma is short, it is hard to ionize the probability for 
the chromium particle which evaporated from the first target at the time of this coat formation to collide with the 
nitrogen content child of reactant gas since distance with a processed material is short, and it can deposit on a processed 
material depending on selection of the partial pressure of gas and distance with a metal. Moreover, since distance with a 
processed material is longer than this first target, the chromium particle which evaporated from the second target can 
deposit the mixed coat of Cr2N and Cr2 N+CrN, and CrN by selection with the partial pressure of gas and work-piece 
distance. That is, the coat of the compound presentation which consists of a chromium metal and nitriding chromium 
can be formed by choosing the partial pressure of gas suitably and arranging the second target in the distance in which 
nitriding chromium deposits at the distance in which a chromium metal deposits the first target. Moreover, by setting up 
suitably the distance of the arc current value and target which are poured at each target, and a processed material, the 
compound ratio of a chromium metal organization and a nitriding chromium organization can be changed, or the 
magnitude and surface ratio of a chromium metal organization with which it is dotted can be controlled. A concrete 
example explains the operation and effectiveness below. By the approach mentioned above, the quality of the material 
created the various nitriding chromium compound coats by which the test piece front face of SUS440 material was 
dotted with the chromium metal organization. The distance with the processed material of the first target was about 
50mm, this was checking that a chromium metal deposited as a result of preliminary experiment, and the magnitude of a 
chromium metal organization also checked that it was proportional to an arc current. Two arc current ratios can adjust 
the rate of area of a chromium metal organization. Furthermore, distance with the processed material of the second 
target was set to about 200mm. It changes with the mixed coat of Cr2N and Cr2 N+CrN, and CrN as presentations differ 
and a nitrogen partial pressure becomes high with a nitrogen partial pressure. The magnitude and the rate of area of a 
chromium metal organization of the presentation of a coat are EPMA by the X diffraction, and coating hardness was 
measured with the micro Vickers hardness plan. The creation conditions and measurement result of this invention 
member were shown in Table 1 . 
[0009] 
[Table 1] 
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[0010] In addition, as an example of a comparison, the well-known nitriding chromium coat was created from the 
former, and the property was measured similarly (examples 1-3 of a comparison). Although furthermore dotted with the 
chromium metal organization in the nitriding chromium coat, it compared also about the example with unsuitable 
magnitude and rate of area of a chromium metal organization (examples 4-6 of a comparison). Those creation 
conditions and measurement results were shown in Table 2. 
[0011] 
[Table 2] 
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[0012] [Antiseizure property] The antiseizure property of this invention ingredient is evaluated. It is 20-30 micrometers 
in thickness using the test piece 5 which consisted of SKD61 material and has arranged the pin-like projection 10 (refer 
to drawin g 2 and drawin g 3 ) with a 5mm[ 5mm by ] x height of 5mm on a concentric circle at three regular intervals 
about the coat according to this invention to the square end face of 5mm angle. The formed test piece was created and 
the extra-high voltage abrasion tester performed the antiseizure-property trial. It examined about the example coat and 
the example coat of a comparison which were formed by the approach mentioned above. Furthermore, it is 100 
micrometers in thickness to the end face of 5mm angle of a test piece as an example of a comparison. The same trial 
was added using the test piece in which the chrome plating coat (example 7 of a comparison) was formed. The 
equipment and the test condition of the extra-high voltage abrasion tester used for the exam are as follows. A lubricating 
oil is lubricated in the center of the disk 2 (partner material) which gave polish finishing with a diameter [ of 80mm ] x 
thickness of 10mm which a testing device shows an important section in illustration to drawing 3 which is the A- A view 
sectional view of diawing„2 and drawing 2 , demounted it to the stator holder 1, and was attached possible through the 
lubrication opening 3 from a background. It is made for Thrust P to have acted on the stator holder 1 by the 
predetermined pressure towards the method of the right in drawing with the hydraulic power unit which is not 
illustrated. Rota 4 is in a disk 2 by carrying out phase opposite, and it is made to have rotated at the predetermined rate 
with the driving gear which is not illustrated. The test piece 5 is attached in Rota 4 free [ sliding ] to the disk 2 by 
making into a sliding surface the end face of the square of 5mm angle in which the surface treatment layer was formed. 
In such equipment, put the predetermined thrust P on the stator holder 1, and it is made for a disk 2 and the pin-like 
projection 10 of a test piece 5 to contact by predetermined planar pressure, and Rota 4 is rotated, refueling a sliding 
surface at a predetermined oil supply rate from the lubrication opening 3. The pressure which acts on the stator holder 1 
for every fixed time amount is increased gradually, and the torque T produced in the stator holder 1 is made to act on a 
load cell 7 through the stainless steel fiber 6 by friction with a test piece 5 and a partner's disk 2, the change is read by 
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dynamic strain 8 [ a total of], and it iSPide to record on a recorder 9 by rotation of Rota 4. When Torque T goes up 
rapidly, as what printing generated, the quality of a printing-proof property is judged with the contact planar pressure at 
this time. Iron system FC250 material was used as partner material. The test condition is as follows, 
friction-velocity: - 8m [ /] second partner material : FC250 material contact planar pressure: - 20 kgf/cm2 up to 
printing generating after accustoming — 1 0 kgf/cm2 every — a boost . It holds for 3 minutes to each planar pressure. 
Lubricating oil : motor oil #30 oil temperature 80 degrees C, the amount of supply The test result was shown in Table 3 
by 250 cc/. 
[0013] 
[Table 3] 
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[0014] this invention articles are the contact planar pressure 281 to 290 kgf/cm2 at FC25 partner. Printing occurred. 
Printing-proof planar pressure 253 kgf/cm2 of the chrome plating of a comparison article It is above and is equivalent to 
a CrN single coat (example 3 of a comparison) excellent in the antiseizure property. Even if a nitriding chromium coat is 
dotted with a chromium metal organization, effectiveness is small, when a chromium metal organization is large and the 
rate of area is large (example 6 of a comparison). 

[0015] [Abrasion resistance] The corrosion abrasion test of this invention ingredient was carried out with the department 
** type abrasion tester. For a configuration, the substrate quality of the material is 20-35 micrometers at the tip of a test 
piece at SKD-61 material about the example and the example coat of a comparison in which it mentioned above using 
the test piece with which one tip of 5mm[ 5mm by ] x die length of 20mm and a longitudinal direction was made into 
the R6mm curved surface. It covered with thickness. Furthermore, it is 100 micrometers in thickness at the tip R of a 
test piece as an example of a comparison. The same trial was performed using the chrome plating test piece. (Example 7 
of a comparison) 

A trial is doubled with the periphery section of the partner material which processed the tip R section of a test piece 
which performed surface treatment in the shape of a drum so that curved surfaces may carry out line contact, it adds a 
predetermined load, and rotates it at a predetermined rate. Constant-rate dropping was carried out, and lubrication 
performed the sulfuric-acid water solution adjusted to PH=2 in the contact section, and made it the acid ambient 
atmosphere. The test condition is as follows. 

Sliding partner material: FC250 material friction velocity : 0.25m [ /] second friction time : 6-hour contact load : 4kg 
ambient atmosphere : The measured value of dropping coat abrasion loss was shown for the sulfuric-acid water solution 
adjusted to the sliding section PH=2.0 in Table 4 by 1 .5 cc/. 
[0016] 
[Table 4] 
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[0017] The relative value which set abrasion loss of a chrome plating coat to 100 showed the result. Compared with the 
chrome plating article which is an example of a comparison, this invention article is equivalent to the CrN single coat 
(example 3 of a comparison) in which abrasion loss is decreasing sharply with 1 / 20 - 1/25, and especially abrasion 
resistance is excellent. Even if a nitriding chromium coat is dotted with a chromium metal organization, effectiveness is 
small, when a chromium metal organization is large and the rate of area is large (example 6 of a comparison). 
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[0018] [Peeling resistance] The peelin^fcsistance of the coat covered with the rolling fatigue testing machine (roller 
pitching testing machine) accompanied by a skid to this invention member was evaluated. The substrate quality of the 
material of a test piece is the ingredient which carried out carburization processing of the SCM420 material, and a 
configuration is about 50 micrometers about this invention coat and the example coat of a comparison to the periphery 
front face at the shape of a phi26mmx28mm roller. Thickness processing was carried out. The thickness of various coats 
adjusted and arranged covering time amount. The equipment and the test condition of the pitching testing machine used 
for the exam are as follows. A testing device shows an important section in illustration to drawing 4 , carries out phase 
opposite with the test roller 1 1 furnished with the phi26mmx28mm test piece 13, and has the load roller 12, and it is 
made for thrust to have acted by the predetermined pressure. It is made to have rotated at the predetermined rate with 
the driving gear which is not illustrated, and the test roller 1 1 forms a surface treatment layer in the periphery of the test 
piece 13. The load roller 12 is the magnitude of phil30xl8, and a periphery carries out an R300mm configuration, 
carries out point contact of it to a test piece 13 microscopically, and it can put big thrust now. Moreover, the load roller 
12 follows through the gearing which does not illustrate to the test roller 11, and it rotates, sliding relatively. A slip 
factor is expressed by (U13-U12) / U13 by test piece peripheral speed (U13) and load roller peripheral speed (U12), and 
can be selected to arbitration. The contact section of a test piece 1 1 and the load roller 12 is filled with a lubricating oil 
through lubrication opening which is not illustrated. In such equipment, put predetermined thrust on a test piece 13, and 
it is made for a test piece 1 3 and the load roller 1 2 to contact by predetermined planar pressure, and while rotating a test 
roller at a predetermined rate, lubricating the contact section at a predetermined lubrication rate, the load roller 12 is 
rotated with a predetermined slip factor. A test piece front face is periodically observed carefully during a trial, and the 
quality of peeling resistance is judged from rotational accumulating totals until chip-like exfoliation occurs on the 
surface of a test piece. The quality of the material of the load roller which is partner material used FC250 material. The 
test condition is as follows. 

Planar pressure (Hertzian stress): 160 kgf/mm2 test-piece peripheral speed : 82 m/s slip factor : 20% use oil : #30 (base 
oil) 

Oil flow rate : It is oil temperature by 1200 cc/. : 80-degree-C test result was shown in Table 5. 

[0019] 

[Table 5] 
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[0020] this invention article is very excellent in peeling resistance to the high degree-of-hardness nitriding chromium 
which is an example of a comparison. Even if you make it dotted with a chromium metal organization in a nitriding 
chromium coat like the example 4 of a comparison, and the example 5 of a comparison, magnitude is small, or if the rate 
of area is low, it will be easy to produce exfoliation. 
[0021] 

[Effect of the Invention] When CrN and Cr2N are used as a principal component by PVD on the front face of a base 
material and a chromium metal organization makes the compound coat with which it is dotted in a coat form, this 
invention offers the slide member which is excellent in abrasion resistance and an antiseizure property, and chip-like 
exfoliation cannot generate further easily, and the manufacturing method of the slide member as compared with the hard 
anodic oxidation coatings currently used from the former, so that clearly from having explained above, this invention 
member is suitable for engine components, such as the piston ring and a cam follower, and a pan to moving parts, 
cutting tools, etc. including compressor components, such as a shoe disk. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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